Boundary lubricating characteristics, thermal stability, and oxidation-corrosion stability were determined for a fluorinated polyether and a perfluoropolyether triazine.
INTRODUCTION
Advanced aircraft and future aerospace systems will place increased thermal and oxidative s t r e s s e s on lubricants and hydraulic fluids. Maximum fluid temperatures in excess of 260' C (500' F ) have been estimated f o r future applications (1) (2) (3) (4) (5) (6) . At these elevated temperatures, fluids must also provide effective lubrication f o r bearings and hydraulic system components.
State-of-the-art fluids (esters, hydrocarbons, silicones, fluorinated polyethers, C-ethers and polyphenyl ethers) have one o r more deficiencies which would limit o r prevent their use a t high temperatures ( i . e . , 260' C). E s t e r s , hydrocarbons, and silicones a r e not oxidatively stable at 260' C ( 7 ) . The C-ethers have excellent therm a l stability (390' C), good oxidation stability to 260' C and lower pour points (-29' C) than the polyphenyl ethers (5' C) (8, 9) . However, both the C-ethers and polyphenyl ethers a r e rather poor boundary lubricants (10, 11, 12) . Both fluids have also exhibited poor wetting characteristics (13, 14) . The fluorinated polyethers have excellent thermal and oxidative stability to 370' C (15) but have experienced corrosion problems with certain ferrous and titanium alloys above 260' C (16).
A combination of the heterocyclic s-triazine system with fluorinated polyether substituents has yielded a variety of potential high temperature lubricants and/or hydraulic fluids (17). By varying the ratio of carbon to oxygen in the polyether substituents, wide variations in physical properties can be obtained. However, since these fluids a r e available only in research quantities (typically 4 0 0 g), little is known about their thermal and oxidative stability, and boundary lubrication properties.
The objectives of this investigation were twofold: (1) to determine the boundary lubrication characteristics of a perfluoropolyether substituted s-triazine and a commercially available fluorinated polyether and to compare these results with those previously obtained with both a C-ether (12) and a polyphenyl ether (18) , and (2) to compare the thermal and oxidation-corrosion characteristics of the above noted fluids.
APPARATUS ANDPROCEDURE

Sliding Friction Apparatus
The ball-on-disk sliding friction apparatus is shown in Fig. 1 . The test specimens were contained inside a stainless-steel chamber. A stationary 0.47 6-centimeterradius ball was placed in sliding contact with a rotating 6.3-centimeter-diameter disk.
A sliding speed of 17 meters per minute (100 rpm) was maintained. A normal load of 9 1 kilogram (initial Hz s t r e s s of 10 Pa) was applied with a deadweight. Balls and disks were made of CVM M-50 steel having a Rockwell C hardness of 62 to 64. The apparatus and procedure have been previously described (12,13).
Frictional force and bulk lubricant temperature were recorded continuously.
Disk temperature was monitored continuously. Each experiment was terminated after a 25-minute duration and the rider (ball) wear s c a r was measured and recorded.
Tests were normally run in triplicate and an average calculated for plotting.
Tensimeter
The tensimeter apparatus is shown in Fig. 2 . The basic function of the tensimeter consists of heating a liquid sample and of plotting either the vapor pressure, o r the isothermal time rate of increase of vapor pressure (due to thermal decomposition), a s a function of temperature.
The sample cell is a glass bulb having a 5-milliliter ( 5 x 1 0~~ m3) volume, with a stem extending through the oven wall to a valve and pressure transducer mounted outside the oven. Three to four milliliters (3xloe6 to 4~0 -~ m3) of test fluid a r e placed in the sample cell. The cell i s attached to the cell assembly and the fluid is degassed and refluxed under vacuum. The cell assembly i s then placed in the oven. The sample is heated to an initial temperature about 50' C (90' F ) below the suspected decomposition temperature. After a 5-minute stabilization period, the increase in vapor pressure, if any, is recorded a s a vertical b a r during a fixed time interval. Then the programmer raises the sample temperature by a preset amount, usually 5' C (9' F ) , and the previous process i s repeated.
A typical plot appears in Fig 
Oxidation-Corrosion Apparatus
The oxidation-corrosion glass apparatus is shown schematically in Fig In addition, copious amounts of "friction polymer" o r "surface resin" a r e generated by polyphenyl ethers (21) and C-ethers (18). An example of this material is shown in Fig. 10(a) around the wear s c a r for a C-ether fluid run at 225' in dry a i r .
~t is felt that the production of this material is related to the tendency of aromatics to produce free radicals o r possibly radical anions (21). The latter may be sufficiently corrosive to be detrimental to the wear process (22).
Neither of the fluorinated fluids generated any such material in these wear tests.
An example of a wear scar obtained with the triazine at 200' C is shown in Fig. 10(b) .
No "friction polymer" o r other debris was noted around this o r any other triazine wear scar in this study even though this fluid does have an aromatic nucleus.
Thermal Stability
These thermal stability tests, which take place in the absence of oxygen and catalytic metals measure the inherent stability of the chemical bonds in the lubricant.
The TD is an idealized o r maximum temperature at which a lubricant could operate.
The high T D t s obtained for the two experimental fluids (389' to 443' C) attest to the stability of carbon-fluorine bonding and of the aromatic rings. The C-ether did exceed the maximum allowable metal corrosion limit at 260' C and the polyether at 316' C. The reason that the C-ether exhibited greater metal corrosion at 260' C than at 288' o r 316' C is not known. One might speculate that the degradation products responsible for the corrosion would have a higher residence time at the lower temperature allowing more interaction with the metals. At the high temperatures these products may volatilize before they can react.
Oxidation-Corrosion Stability
Reflux Configuration
Tests with the water cooled reflux condenser were conducted at 316' C only.
Again, the triazine appeared superior with the polyphenyl ether close behind. The ----------- 
